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DETAILED ACTION 



Claim Objections 

1 . The term "substantially" in claims 1 and 9 is a relative term, which renders the claim 
indefinite. The term "substantially" is not defined by the claim, the specification does not 
provide a standard for ascertaining the requisite degree, and one of ordinary skill in the art would 
not be reasonably apprised of the scope of the invention. Appropriate correction is required. 

2. The term "just" in claim 7 is a relative term, which renders the claim indefinite. The term 
"just" is not defined by the claim, the specification does not provide a standard for ascertaining 
the requisite degree, and one of ordinary skill in the art would not be reasonably apprised of the 
scope of the invention. Appropriate correction is required. 

3. The term "almost" in claim 8 is a relative term, which renders the claim indefinite. The 
term "almost" is not defined by the claim, the specification does not provide a standard for 
ascertaining the requisite degree, and one of ordinary skill in the art would not be reasonably 
apprised of the scope of the invention. Appropriate correction is required. 

4. The term "similar" in claim 18 is a relative term, which renders the claim indefinite. The 
term "similar" is not defined by the claim, the specification does not provide a standard for 
ascertaining the requisite degree, and one of ordinary skill in the art would not be reasonably 
apprised of the scope of the invention. Appropriate correction is required. 
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Claim Rejections - 35 USC § 102 

5. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 
basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(e) the invention was described in (1) an application for patent, published under section 122(b), by another filed 
in the United States before the invention by the applicant for patent or (2) a patent granted on an application for 
patent by another filed in the United States before the invention by the applicant for patent, except that an 
international application filed under the treaty defined in section 351(a) shall have the effects for purposes of this 
subsection of an application filed in the United States only if the international application designated the United 
States and was published under Article 21(2) of such treaty in the English language. 

6. Claims 1,4, 7-9, 1 1, 14, and 15 are rejected under 35 U.S.C. 102(e) as being anticipated 
by Han et al. (U.S. 6,515,415 Bl). 

7. As to claim 1, Han et al. disclose a carbon nanotube-based field emission device 
comprising: a cathode electrode (see Fig. 3, item 120; column 3, lines 54-57); and a carbon 
nanotube array extending substantially perpendicularly from the cathode electrode (see Fig. 3, 
items 121; column 3, lines 54-57) and having a growth end embedded in the cathode electrode 
and an opposite root end (the end of the carbon nanotubes attached to the cathode is interpreted 
by the examiner as the growth end, and the end of the carbon nanotube that is not attached to the 
cathode as the root end); wherein the growth end of the carbon nanotube array is in electrical 
contact with the cathode electrode (see Fig. 3, items 120 and 121; because the cathode and the 
carbon nanotubes are physically touching one another, and the highly conductive nature of 
nanotubes, they are in electrical contact with one another), and the root end defines a 
substantially planar surface (see Fig. 3, the root end of the carbon nanotubes are planar in the 
horizontal direction). 

8. As to claim 9, Han et al. disclose a carbon nanotube-based field emission device 
comprising: a carbon nanotube array which grows from a root end and extends to a growth end 
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(see Fig. 3, items 121; column 3, lines 54-57; the end of the carbon nanotubes attached to the 
cathode is interpreted by the examiner as the growth end, and the end of the carbon nanotube that 
is not attached to the cathode as the root end); and a cathode electrode formed on and covering 
the growth end of the carbon nanotube array (see Fig. 3, item 120; column 3, lines 54-57); 
wherein the root end defines a substantially planar surface which is exposed outwardly and acts 
as an emitter (column 4, lines 53-57), and the growth end is substantially embedded into the 
cathode electrode (see Fig. 3, items 120 and 121; because the cathode and the carbon nanotubes 
are physically touching one another, and the highly conductive nature of nanotubes, they are in 
electrical contact with one another). 

9. As to claims 4 and 11, Han et al. disclose the field emission device as described in claims 
1 and 9. Han et al. further disclose that the carbon nanotube array comprises a plurality of 
carbon nanotubes, each of which has an open tip (carbon nanotubes by definition are hollow 
carbon structures). 

10. As to claim 7, Han et al. disclose the field emission device as described in claim 1. Han et 
al. further disclose an insulative barrier having a height just exceeding the planar surface of the 
root end (see Fig. 3, item 130; column 1, lines 22-23) is formed adjacent the carbon nanotube 
array and at least a gate electrode is formed on the barrier such that the gate electrode is 
separated from the cathode electrode (see Fig. 3, item 140; column 3, lines 58-59). 

11. As to claim 8, Han et al. disclose the field emission device as described in claim 7. Han 
et al. further disclose that the root end of the carbon nanotube array almost reaches the interface 
between the barrier and the gate electrode (see Fig. 3, items 121 and 130; since almost is a not 
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any definite amount, the examiner interprets the height of the carbon nanotubes in the figure to 
be about the same height as the insulating barrier ribs). 

12. As to claim 14, Han et al. disclose the field emission device as described in claim 9. Han 
et al. further disclose at least a gate electrode is formed adjacent the carbon nanotube array at a 
height above the planar surface of the root end (see Fig. 3, item 140; column 3, lines 58-59). 

13. As to claim 15, Han et al. disclose the field emission device as described in claim 14. 
Han et al. further disclose the gate electrode is supported by an insulative barrier formed adjacent 
the carbon nanotube array (see Fig. 3, item 130; column 1, lines 22-23), such that the gate 
electrode is separated from the cathode electrode (see Fig. 3, items 121 and 140). 

14. Claims 16-19 is rejected under 35 U.S.C. 102(e) as being anticipated by Chang et al. 
(U.S. 2003/0044537 Al). 

15. Regarding claim 16, Chang et al. disclose a method of making a carbon nanotube-based 
field emission device, comprising steps of: providing a catalyst layer (paragraph 0014); growing 
a carbon nanotube array on said catalyst layer wherein carbon nanotubes in said array extend 
from said catalyst layer with roots and define different heights with tips (see Fig. 26, item 25 
paragraph 0014); the protection layer is what the examiner interprets as the catalyst layer); 
applying a cathode electrode to said tips of said carbon nanotubes (see Fig. 2E, item 22; 
paragraph 0014); separating said carbon nanotubes from said catalyst layer and exposing said 
roots (paragraph 0014; removal of the protection layer); and providing a gate electrode beside 
said roots (see Fig. 2E, item 24; paragraph 0014; the second conducting layer). 
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16. Regarding claim 17, Chang et al. disclose the method as described in claim 16. Chang et 
al. further disclose that the gate electrode is supported by a barrier, which is seated upon the 
cathode electrode (see Fig. 2G, item 23; paragraph 0025). 

17. Regarding claim 18, Chang et al. disclose the method as described in claim 17. Chang et 
al. further disclose that the height of said barrier is similar to a common height of said carbon 
nanotubes measured from the cathode electrode (see Fig. 2G, items 23 and 26 are a similar 
height). 

18. Regarding claim 19, Chang et al. disclose the method as described in claim 17. Chang et 
al. further disclose that the cathode electrode is originally supportably seated upon said barrier 
for applying said cathode electrode to the tips after growth of said carbon nanotubes (paragraph 
0014). 

Claim Rejections - 35 USC § 103 

19. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

This application currently names joint inventors. In considering patentability of the 
claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of the various 
claims was commonly owned at the time any inventions covered therein were made absent any 
evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1 .56 to point out 
the inventor and invention dates of each claim that was not commonly owned at the time a later 
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invention was made in order for the examiner to consider the applicability of 35 U.S.C. 103(c) 
and potential 35 U.S.C. 102(e), (f) or (g) prior art under 35 U.S.C. 103(a). 

20. Claims 3, 5, 6, 12 and 13 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Han et al. (U.S. 6,515,415 Bl) in view ofNakamoto (U.S. 6,097,138). 

21 . As to claim 3, Han et al. disclose the field emission device as described in claim 1 . Han 
et al. fail to specifically disclose that the cathode electrode is made of copper. 

Nakamoto discloses a field emission display, which has a cathode electrode, made of 
copper (column 4, lines 60-62). Copper makes ideal cathodes due to their conductive properties. 

Therefore, it would have been obvious to one having ordinary skill in the art, at the time 
the invention was made, to modify the field emission device of Han et al. to include a copper 
cathode, as taught by Nakamoto, to take advantage of copper's ideal conductive properties. 

22. As to claims 5, 6, 12, and 13 Han et al. disclose the field emission device as described in 
claims 1 and 9. Han et al. fail to specifically disclose that the height of the carbon nanotube 
array is in the range from 5 microns to 10 mm, more specifically between 10 to 500 microns. 

Nakamoto discloses a field emission display with carbon nanotube emitters wherein the 
height of the carbon nanotube array is in the range from 5 microns to 10 mm, and more 
specifically between 10-500 microns (Abstract; given the aspect ratio is the height/diameter, one 
can calculate the height of the nanotubes, which falls within the given range). It is advantageous 
to have the nanotubes a certain height, with respect to their diameter, as to adjust the voltage 
applied to the nanotubes to have them emit electrons. 
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Therefore, it would have been obvious to one having ordinary skill in the art, at the time 
the invention was made, to modify the field emission device of Han et al. to include that the 
height of the carbon nanotube array is in the range from 5 microns to 10 mm, more specifically 
between 10 and 500 microns, as taught by Nakamoto, to be able to use the height of the 
nanotubes as a way to emit electrons at a desired voltage. 

23. Claims 2 and 10 are rejected under 35 U.S.C. 103(a) as being unpatentable over Han et 
al. (U.S. 6,515,415 Bl) in view of Dai et al. (U.S. 6,232,706 Bl). 

24. As to claims 2 and 10, Han et al. disclose the field emission device as described in claims 
1 and 9. Han et al. fail to specifically disclose a variation in flatness of the planar surface is less 
than 1 micron. 

Dai et al. disclose a field emission device with a variation flatness of the planar surface 
less than 1 micron (column 3, lines 19-32; column 4, lines 11-15; here it says that the nanotubes 
can have a flat surface, which the examiner interprets to mean completely flat and therefore a 
variation less than 1 micron). Having uniformly flat nanotubes allows for desirable emission of 
electrons. 

Therefore, it would have been obvious to one having ordinary skill in the art, at the time 
the invention was made, to modify the field emission device of Han et al. to include nanotubes 
with a variation in flatness of the planar surface is less than 1 micron, as taught by Dai et al., for 
the desirable emission of electrons. 
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Contact Information 



25. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Anthony J. Canning whose telephone number is (571)-272-2486. 
The examiner can normally be reached on M-F 8:00-4:30. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Nimesh D. Patel can be reached on (571)-272-2457. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 

Anthony Canning fljy 
22 November 2005 




